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9 THE EFFSCT.OF DECAY ON THE CHEMICAL COMPOSITION OF Woop 
“Ne ACTION OF TRAMETES PINT ON DOUGLAS FIR 


Jen VYiertelak ae Fellow from Poland 
Forest Products Laboratory,4. Forest Service 
Us. &. Department of Agriculture 


5 It is known that wood partially destroyed by fungi 
shows differences in chemical composition as compared with sound 
_Wood, and it seems probable that different chemical constituents 
og the wood tissue are consumed in the biological evolution of 
<@ifferent fungi, The most common aspect of this process is, that 
“fungi consume the carbohydrates (pentosans, cellulose and other 
4 carbohydrates which might be present) of the wood leaving behind 
‘the lignin, In some Cases, however, it ie believed that the grow 
ing fungus consumes the lignin and leaves behind a white fibrous 
material which is assumed to be pure cellulose. Except in some 
eases this assumption was based on microscopical experiments 
conducted on the remaining white fibers which gave certain stain 
teste usually aseribed to oellulose, A, ¢. Thaysen and H, J, 
Bunker? wention in their book several times that, for instance, 
Trametes pant Brot, (white pocket rot) end Fomes igniarius Linn. 
(falee tinder fungus) decompose the lignin and leavé behind patches 
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“Tninbained at Madison, ¥is,, in cooperation with the University 


ef Wieconsin, 
2a, G Thayeon & H, J, Bunker, "The Microbiology of Cellulose, 


Hemicellulose, Pectins and Gums," Oxford University Press, 
London (1927). 
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of white or whitish cellulose, This statement for Fomes 
uniarius is bared on the experiments of H, VonSehrenk and 

» Spaulding & who identified the cellulose by Sehultge's 
pies optiphel reaction, No chemicel analysis of the 
affected wood has been made by them, As Schultze's reaction 
is not specific for oellulose,% it is not surprising that 8, 
Johnson and R, w, Hovey® by chémical analyeie of aspen wood 
affected with Fomes ieniariug came to an opposite conclusion; 
the cellulose content decreased 27,4 per cent, and the lignin ih 
content increased 67.4 per cent in the decayed wood as compared. x 
with the sound wood, (These figures sre ealoulated on the er 
lose or lignin basie respectively.) But even this chemical i3 ; 
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anelyeis does not decidedly solve the question whether Fomeg ~ 3 
Aigniariug consumes lignin or cellulose or both, 8, Johnson and F ja 
R We Hovey give the lignin content in the sound aspen wood, as ree 
determined by the concentrated Hg%0,4 methes to be 7.86 per cent, 
which ie extremely low, It neither checks with analyses of aspen 
carried out by different authors independently nor does it approach 


| ay far the lignin content of any other known species, 


3 Me VonSchrenk & P. Spauldd 
‘Dept. Agr, Bull, 349, 34 

4 compare: t. ¥. Hawley & L, 5. es Chemistry of Wood, Chem, 
po °c So., NM. ¥, (1926), Pe 233. and following; K, Hesa, 

er Seliulose, L pe gs (1928), p, 246, . 


Ss Be pam ond R, My Hovey, Js Soo, Chem, Ind, 3%, 7, 132 (1918)5 
ri ae 16, 85 (1918). 
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3 a G, Schwalbe and &, Becker® found the lignin content 
determined by the HoS0,4 method t be 16,24 per cent, which reason- 
ebly checks with the values for “other hardwood species, Oe Kress 
anc his coworkers! give the lignin content of saepen es 26,6 per 
cent, Bray ond Andrews’ 23,4 per cent, we wust, therefore, assume 
that error was made in the lignin determination of Johnson and | 
Hovey and that the question whether Fomes ieniarius 
lignin or cellulose is still open, Palok and pate published data 
of analyses of wood decayed by Polyporus Spnosus and Merulius | 
domesticus, Their exact date seem to prove decidedly that 
Polyporus , “ti to the white Nett fungi and consumes mainly 
lignin whereas beryl ius’ is of. “the brown rot type consuming mainly 
the carbohydrates of the woods This aspect on the Herulius decay 
has been substantiated by a detailed analysis of wood attacked by 
Moxulius Jacryuens corried out by Barton Wright and Boswel1,20 

Por Trametes pink. so far no chemical ‘analysis of 
affected wood hes been published,td By Johnson and H, ¥, Lee,22 


EG, G. Schwalbe end &, Becker, 2. engew. Chem, 32, 229 (1919), 
“ "control of Poe at Pulp “on So meee” SF Se Exesss 0. . ape 
Puts 1280)"p._ 23 ties)" ae « As Btaidl, U.5.D.A, 


rar + Pray and ndrews, Paper Trade Jour, May 104 1923 
a4 Paperetnd, July rf . - ‘ ei 


2 Richard Palok and Walter Haag, By 225<232 (1927), 
Ma tt) i Barton; Wright end d, 9, Hoswell, Biochem. J, 3%, 110-114 


OP at P. M, Soum, Bull, Inst, du Pin, Bordeaux No. 64, p. 257 
Bsns lished results of ar analysis of pine wood with Trametes pink 
ecay, His paper will be reviewed Ister. | 


22 8, Johnson end H, M, Lee, Pulp and Paper Magazine 21, 111 (1923), 
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however, mention thet sccording to unpublished data of J, L. 
Parsons*®= the “decay of wood caused by Trametes pink resulted 

in an increase in cellulose content of 15 per cent and a decrease 
in lignin of 3% per cent." Since further details are not published, 
Ro Comparison of the methods applied and the resulte obtained can 
be accomplished, It seemed, therefore, desirable to undertake a 
chemical analysis of a wood specinen whieh showed white pecket 

rot gecey to a high degree, this report covers snalyses carried 
out on auch naturally decayed weeds, -Experinents with artificially- 
infected wood are under mh 
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e The booted wood datbakal! was ‘taal fir whieh showed a 
me yc of decay in the heartwood and apparently no decay 
eepwood as is usually found in natural conditions with 
ramet es saint (Plate , ‘The parte which were most affected 
were separated from the unaffected ones and both were collected 
separately. toreover, the white fibers were separated from the 
white pockets in order to show any pronounced differences in 
chemical composition, Thus, three different samples were obtained 
showing three ateps in the decays (a) the apparently sound wood, 
(b) the partly decayed wood, and (c) the white fibers from the pock- 
ete, dare was taken to secure in all eases wood only from the 
heartwood, Sample (e) aia not represent the pure fibers, as they 
exiet in the pockets, but was a wixture consisting of these fibere 
and less deetroyed wooden parts, because it was impossible to 


separate them in « pure state mechanicell This sample 
15 3, L. Parsons, Hammermill Paper Co., Erie, Pa. 
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may re Considered ae containing oo goncoentration of white 
fibers, sai . 


‘Table L.--hentont differences in three Hye of apesy 
f Douglas fir ceused by Trametes pint 


Sound wed H Partly decayed ‘Highly de- 
Bsn adem wood ;Cayed wood | 


* «* *& oy 


Per cent Per cent : Per cent 


: $ 
; H H 
Moisture : 4,95 : 8.77 : 5.66 
Ash i 0.17 : 0,35 : we 
Cold water : 5,82 : 3,48 . 
t water : 1,61 ¢ 2,39 : toes 
per cent : 19,01 ' 19,79 ; oo 
kali 4 3 : ra 
Ether y 2,79 $ 1,33 : Cel 
Benzene/ eleohol : £00 : 1,90 t -- 
Li “ys 29.95 : 27,20 t- 82,3 
Ce lulose ; : 217 3 55.34 3 59,96 
Alpha cellulose 3 35,73 H +86 H —— 
feta cellulose : 0,84 H aege : — 
Camia cellulose } 15,60 $ 18, ce oie 
Acetic acid : (0,86 ; 0.62 : om 
Total pentosans ¢ "9,34 - 1 “8,82 ° i 
Pentosane in : 3,58 t 2,93 : ~ 
 e@llulose t | : ‘i ; | 
metre tae in : 4,19 H 4,83 : — 
' : : 


The ‘arco samples were separately cut inte sawdust 


and the materiel collected on 2 60/ 80-mesh screen was used for 
enalysic, The methods of analysis were those adopted in the 
Forest Products Laboratory, as they ere compiled by Mark W, 
Bray,24 A slight change wat made in the cellulose determina- 
tion mhore the revieed method of Ritter was applied, ae The 


Wark W, Bray, Paper Trade Jour, Deo, 20, 1928, 
18 6, J. Mitter, Ind, A Eng, Chem, 16, 947 (1924), 
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aellulose was not blesched but after washing with hot water it 
was dried and weighed, The reaulte obtained are shown in Table 1, 
This table shows thet the lignin content in the two steps of 
decay decreases, viz, (caloulated on the lignin basis) 9,18 per 
gent in the partly decayed and 24,54 per sent in the highly 
Gecayes samples, The cellulose content increases correspondingly, 
viz. (calowleted on the cellulose basis) 5.90. per. cent. and 14,95 
per cont, respectively, as compared with the sound wood, The 
latter velues of both lignin and cellulose check reasonably with 
those mentioned by Johnson and Lee, “ey 7 

Fe ky Boum recentiyhl published.a paper where ho states that 
Trametes pint attecke particularly the cellulose leaving, behind 
the lignin, so thet finally the cellulose is found to be 21,57 
per cent inetesd of 56,00 and the lignin 67,15 per cent instead 
of 32,23 per cent, ae besed on the ovenedry wood after decay, 
Soun's samples gave aleo lignin reactions,+= As Soum gives no 
detaile whatever of his work and his samples were naturally 
decayed, it 1a more probable that besides the identified Trametes 
pink other fungi were in the analyzed sample (from the chemical 
data it. eppears that brown rot fungi were acting) and that the 
chemicel chengee were mainly duc to these other fungi, In any 
Gee, our results do not check with those of Soum but indicate 
that Trometes pink belonge to the white rot fungi, Falek's 
Taestmnation? type of decayy . | 


bx “olt, 
13 It is not. stated whieh Lignin reactions. are meanty: 
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The presentation of our results in the form of Table 1 
does not give the true pigture of the decry process, We find, 
for inetence, an {norease in the cellulose and the ash content, 
2 faot which has to be ‘explained by a exeater decrease in the 
weight of the decaying wood sample than of those two constituents, 
The analyses. were calenlated. on the oven-dry basie of the anelysed 
seuples and not on the sound wood, Im order to overcome this 
difficulty end to obtain &. better picture of the decay, we wight 
assume that the eellulose has been Left unattacked and unchanged, 
Recaloulating Table 1 on this basis, we obtain Table 32, This 
teble gives fi better ddea of the probable effect of decay. The 
decrease in the lignin content, the most important effect, 
amounts (as calculated on the lignin basis,) to 14,2 por cent in 
the partly decayed wood and to oS per cent in the totally decouposed 
sample a8 compared with the sound wood. Parallel to this effect 
the decrease in the methoxyl content of the affected sawdust, 
amounting to 16.5 per cent on the methoxyl basis ia also noted. 
The difference in the lignia and methoxyl decrease 18 satisfactorily 
explained by the fact, that the decay. affected even the nsture of 
the lignin itself, we find, therefore, the wethoxyl content of 
the lignin isolated fron rotten wood, to be less than that from 
sound wood? , | 

All extractives except those in hot water are lower in 


the case of decayed wood. It seens  aescate to as suns that 


tt ak dash da haseubes-oe Vy -Beey-and-Pe M. Andrews, 
Je Indy &: Chem, loz) and Pireeher, Sehreder a" 
_. Hiatdrich, Gea, avhs Keantnis Kohle 8, 530 (1920). 
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| ‘partly decayed’ Totel decayed 
Gound wood : ied ; chad ay 


nen Spiaaectbenin suis for out | bor cam | Fer Gas 

Moieture ' 4,95 H 5.46 : 4.93 

Ach : 0,17 } 0,24 : 

dol4 waiter extract 5,282 : 3,29 7 

Hot water extract : 1,51 : 2,26 : 

1 per cent elkelt 19,01 18,69 

Ether Fos hii hile “bieling ' llbadl sed 

binbeba’ cidhed hg B08 OP eee 

Lignin : “29,95 ; 35.60} 10,4 
| Cellulose + 58,17 62,17 52,17 

Alpha celtuloce 35,73 “83,68 | 

Reta cellulose 0,84 ‘ 1,03 : 

Gamma eellulose ? 15,80 pe sggo Fe 

ek ar? el ak PO ra 

Total pentosens ; : 9, 34 ; 6,05 : 

Pentosene in cellu. % 3.53 . 2.77 : 

ee Retention : Ie innernidne 

rotel nethoxyt o : “478 5.99 | 

Methoxy1 ta lignin ; 4,19 5.62 


All figures caloulated on oven-édry sawdust basis, and 
recalculated on unchanged cellulose basis, 
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the funcue Goncumes not only lignin, but also extrectives, 
This sscumption ie further substantiated by the lose of pen- 
togene Curing this decay, whieh almost entirely ere the pen 
tosang in coltulose,22 mxtraction with hot woter onuses a 
partial hydrolysis of the decayed cellulose which, ae will be 
s@en later, is lese recistent than thet Of sound wood, Thies ~ 
explains the hipher yleld of extractives found with hot weter, 
Ae mentioned, cellulose obtained from deenyed wood is 
lese steble than thet of sound “woods The yield of beta and 
gemma. cellulose is higher, that of alphe cellulose lower in 
the cane of cellulose obtained from decayed wood, Suh facts 
have been found oy other authors in the ease of asonyah and 
from our ‘unpubl ehed results obteined on cellulose from oe 
hydrolyzed samdust » ‘the seme ‘effect ts evident, ‘Sumerising, 
it seems that Tzancton pint consumes largely Lenin and oll | 
troatives, and in its finel stage also cellulose, after con~ : 
verting it by a kind of hydrolysie in an easily soluble nate- 
vial, That Izanotee pint coneuner also cellulose cen be seen 
on wood pleces affected by it, Tn some pockets the isolated | 
eellutoze ie visible, Tn pome it has deen entirely consumed, — 
(Plate t.) Slack spote indleate holes ‘enused by the fungus, 


Waviey, Pleck and Richards, "Effect of Decsy on the cheai> 
~ 981 Composition of Wood," Ind, ®ng, Chem, May (1926), . 
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From the differences in the eachidoud Habis of an ddaie 


os Lose from sound and deoayed wood, it is evident that our assumap- 
ton of unattecked and unchanged cellulose is not rights tis 
ae very probable that some of the cellulose has been already con | 
| : aS aumed, as @an be seen from the ash content inerease. An exact 
 @newer to this question will be furnished by the investigstions 


on artificially infeoted wood which are under ways 


Although it is known that color reactions of both 


- Lignin and cellulose are not specific for them yet a study of 


| such reactions was made as they might throw a light on the 
nature of the white fibers isolated by the doony. It was found 
that all ee the phloroglucinel test and the Cross 
and Beven test” with the ferric ohloride-ferrioyanide id not 
give the expected lignin color on the fibers isolated by the 
funguss On the other hand, Schulue's chloriodide zinc test” 
gave the cellulose test on the ‘isolated fibers by the deoay and 
aid not sive the test on the sound woods 3 It ‘has to be montioned 
that all these tests have been made on sections sinilar to those 


-_ @iven in Plates II and III, where part of the fibers are ieqlage 
ta > end part of thom still kept together by the lignin. ‘The color 
Ss, tests appeared to be in the wood part or in the cellulose party 


Be - soteeansenay, when lignin or eollulose tests wore made. — 


on woe Tteaner, Ri vemnesder dex Vieners cade. Wise. 77 ois Te ‘to (1876). 
mia ge Boy ¢ Ovoss and Be Je Bovan, Cellulose. Longmans, Green & Cos, 


aoe (1918), De 124s 


foe, Le Radlkofer, Annalen, 94, 352 (1655) and Ce Vs Wiseelingh, 
Je Bote 3l, 624 (L897). 
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ie Plates II and ITI represent photomicrographs of 

a sections made from decayed wood magnified 250 xX, The sections 
are unstained, The darker side ic the less decayed part of 

wood which hac still the natural color of the wood and when 
stained gives the lignin oolore ae mentioned above. It is to 
be noticed thet these fibere stick together and show the same 
structure as the wood itself, The brighter part shows the white 
fibers isolated by the fungus which gave the cellulose stain 
eet, It is interesting that the darker medullary rays which 
are atill visible in the unaffected part on both plates are 
entirely congunea by the fungus in the brighter part. Pilate If 
showe even in the center one rey partly consumed and partly con~ 
served, It is known that elao in the pulping procese the medul- 
lary rays are entirely destroyed, They seem therefore to be the 
less resistant part of the cellulosic wood structure, The cellu- 
lose fibers in the brighter part which are loosened by the funcus 
due te removal of the cementing lignin show, when at higher magni- 
“ fieation, the known microstructure of the cell fiber, A possible 
assumption that they might be the fungus hyphae is therefore dis- 
proved, 

Although thie chemicsl and microscopical analysis ia not 
entirely satiefectory, since only an analysis on the weight basis 
would yield reliable data, yet there seema to be little doubt that 
Tremetes pink causes in ite development the deseribed effects, 
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